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: : , . - A test. plan is offered ior comparing the . optical systens 
“of the Kodak snd Marin-Data nicrodensitoneters. This plan is intended 
| 3 guide for the preparation of a comprehensive test method. After: | 
negotiatdar betossd participants and preliminary testing, a final pro-.’ 
we ewe & The general guide lines are given in. the text: for tests : 
measuring the following characteristics. i cx _ faa & i 
| | —_ as. Resolving’ Power. : | eS. ee 
ge OS Modulation transfer yetion | ae oe 
fs nee Spread Fi ion eae “ete | A 
a : . a “Power Spect a . a . Ce is ae 
| 7 . ex “Stray Light a = ee 
a - A preliminary test procedure is given iss Aen 1 tok 
asian aarti pote in wetting Tha: Kinal detelind Asst: provedares 
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Ae Introduction : oe . : - 
Pie “wo types of microtlensitoineters : are currently an use in den 
termining. the image quality of pissions by means of edge tracing. Te 2 
Setems essential to CCapare,. in ‘Some gbjective manne’, the. performance . 


of, the Mann-Data instrument with that of the "Kodak Mode1 Se ‘Testing Se 


photographic microdensi tone ters is discussed ‘by Altman, (1) etna)” Se ey 


Charman, (3) and ‘nider, (1) (See indicated references at thé end of this . ers 
write-up.) No attempt: will be’ nade’ there; neretore, to to descittbe exhaustive eee 8 
testing for all chéracteristics pertinent ¢ to this instrumets usage: in 
photographic research. For example, 1 the ability ‘to read the. absolute. . ; 


density of microareas to séme. degree of precision is: the fundanental ap 


: we. 
, + or 


plication of a imicrodensitoneter, and yet this characteris tic is of littie 


“hee + 


interest, in this testing. since the eurrent ne theds of edge, ‘tracing utilize ye gah ie 
relative density rather than absolute density. The: ability to hold cali- a ress 


bration for several a: and the. ability ‘to colton rapid changes in ‘density © 
ce an gre = 7 
become more important than attaining a . high. absolute’ accuracy. vee ee, Oe 


% “ae A microdensitometer is composed of mechanical, electrical and 
optical systems. bere a testing of the performance of all subassemblies “ ee © 
is desirable, this test plan will concentrate’ on measurement of ‘the optical 


“ 


system on the assumption thats 


. 
va _ o™ 6 


i -. ‘The mechanical and electrical systems are working reliably. 


: 


‘Det These. systems are ‘of secondary interests | = ae Se 


ae ‘Some forms: of. neéchanical or. ‘electrical malfunction would . 


a 





a i a a ar re a 


a, a a s 2 . ae a ee = bait 
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oe The. ‘gpbical testing will include discussions of and, where a 


° 


"available, procedures for. measuring the resolution, nodulation’ transfer 


function, spread fundigon, power. spectra, and stray Light control in a Re 
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microdensitometer. i ey es ga | . 
a —- R, Test eee Discuss 00 oe as rr Sr er arr 


soem Resolv ng pauses 
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' = : of historic interest, if “perhaps of. no » Tonger fundanental- ok ae 2) 
/ aA 


importance in edge tracing, is: the eosstutton cf the > optical tystem. 


ad 


However, the abi lity to quote and reliably VEN the. microdensitoneter 


od 


to focus is necessary. A test object for measurement of resolution could 
be any high quality, photographic long bar target. ‘Also, some form of 


special. diffraction | eating could be made in which a Limited number of 


‘ 


7 Lines are ruled in bands, with the ‘bands arrariged in a frequency series. 


a a test object similar to. the’ ‘latter form is the eaten S Rulings; 


9 


(Beck, Tondon=~no longer available), which has been used by microscopists 


a 


ae o for ‘resolution tegen ) Lacking « a test object, resolution can be 


inferred by the MTF/edge- trace néasurenents: given in the section on 


v 


Modulation Transfer Function. - | a | 
a be In comparing the ‘resolution of the M Mann instrument = 
‘that of the Kodak Mode 1 - it is recommended that one or more special 
phatodraphio’ test objects be scanned on ‘the two microdensitoneters. ‘The 
specific test ‘object pattern is not critical, provided ib "be" som ‘form 
having long parallel bars ‘arranged in a. ‘frequency | series. 7 maximum tree 


ee | 


quency. equal to or greater than $00 "Lies /niLlineter is desirable. Seans’ 


: _ F ; Seg : F ; | = F . "4 . oe : : . | ay “ . : : 


























made | in. the two instrument's with, equivalent slits: can, be ‘compare’ on 
‘the basis of ‘the. percentage of inodiiltign: retained at the “tigh, frequencies. 


Lal 


A tore complicated analysis could be based on - measurenents of the profile - 
eas wave shape) of. the two sets of: traces. This approach vould be 
reconmended ony 3 if satisfactory answers. cannot. be arrived at with simpler 
methods in the areas of interest. | | et 
ae Modulation Transfer Funetion a ee as, eer co. 
- ae The modulation transfer function of the microdensitoneter 
oon be estinated, ‘but not spacuned: directly, by tracing a. Suey photo a 
graphic edge. (2). (3) The charactéristies of the edge, such as. sharpness, 
variability along the length of he edge, rain, and density range. influences - 
the. results of the measurenent. An. obvious problem } here, as in all ‘suggested a | oc 
inicrodensitoneter tests, is that of. obtaining a Pood test’ object. | er | 
ms - The. progedure for. NTF testing at thi is ‘facility 3 iss 
hc) An X-ray exposed edge on | Kodak High solution Glass | 
Plate ‘or High Resolution Film (available from N. B :S. by: special arrangenent) 
is used as a test: objects, The maximum density should be less than 26 95 the: 
edge should be several inches lone, and only the- peek portions should be bebe 


i 


(2) Make recordings of the edge using the particular main ihe . as 
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slit cori iguration of interest (ee8er 1 micro’ by 60 microns). ‘the pre-slit: 


t Si os mS  Geee A 


should be as small as possible and edge/nain slit alignnent should be coges 
_ | 


ad sijuated, , carsy all digital data to.at. 18st three significant, digits, . 


c Pa 


(3) ‘Data sampling shoald be et spacings, such as 0s 10° 


to 0 25 1 micron | to > is high frequency informations 
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Pak Te (h) ‘Make any analog recording at almost: maximum. 296 00 hong 
we. scale expansion. aa | a a _— oe 
oe es me! 5). Trace across: _several places, along, the edge. Turn - a 


the photographic edge 180° and trace ‘similarly’ in the opposite direction. ae 


* a, eee 
7, Sn saa ‘s. 


eo we 


(6) Take at. least 100 data points per trace sp that areas 
adjacent to the edge are represented, | “ | . ‘3 & Meee a 


ene 3 ehh e Ge ‘he, digital data is ‘transformed. into instrument. MTF by 
oP... means of Fourier’ methods in the computer. (2), (4) The resultant data’ répre=_ 
| ‘Sents. the best estimate of the frequericy résponse of the microdensitoneter. ar 


Co ‘The errors. inherent. in this, method have not been measured, _ 
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ee 7: The straightforward ‘technique for. measuring the MIF of | a iderodens’i tometer: ee 
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a ae by tracing ‘calibrated sinusoidal test objects is suggested by snider, (i) 


e: 
“= 
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& a ae 
_ but he does not indicate whether such test objects are available. a Hie, gen 8 ee 
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ee : 3. Spread Function: A valuable neasurenent needing. ‘development. is. 
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that oa direct, measurement of the spread function of the nicrodensitoneter. 
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A test sbiect. for this. / characteristic wees probably corisist of an extremely 


“narrow clear line: on a “dark surround, Such. a test ‘object is. not known to. 


N 
ic ~ 


‘exist. spread function ean G6 Savinee be vetee tate ueaeicensnte. bik 


we s ‘ Ras ie 
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: will include the errors/associated with edge tracing, = he en: 
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Be. A microdensi tone ter performance test which appears to: have 


- 


- promise: is in an early Stage of development. This ‘test involves the deter- ao 


“mination of the power spectrum (spectral. density function). Standardized _ 


oe a4 ; : a ., . ae nt 
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test nethods have- not been established av this. tine, but'a typical exe. Hi 


% 





“periment will he described below. The methods for. interpreting the pesulte + - ; 


, : - £. 
of the. neasureneyt. also are not well established. » The ‘principle ts, that if. 


a. scan. is made ‘of a white noise test object, the. power spectrin’ ‘produced is 


~ 


that of the slit/ontics, function of, ‘the icrodeisitoneter,(5) if the. test 


object is sab white noises the scan WiLL produce a ‘spectrum which has. 


eT ty . 


re, of: bath the test abner and the. icrodgnsitone ters - — oe 


ef ‘Ww A test object currently in use is a ‘flashed and 


« 


processed strip of Type 310 film having a series. tok densities, — 


(2) The film strip, is. scanned core the ‘normal slit. 


geometry (este: L by 80 mic ‘roms Yo | a | t Play ie ~~ 
— ; fe oe, oh age 
7, = Sg Density samples are ‘collected at mall increments of 





a 


“distance (approximately Oal widerons) and the: data values are , recorded to 


° 


“ _ three’ significant ee each. 


Bh, 


(ls) Maximum sensitivity or "density" expansion is_employed. 





Three thousand or more ata: points should, be taken. 


- (5) oe density. data are coriverted ‘bo transmission values: 


\ 


and are. reduced in the “computer. through autocorrelation techniques to Power 


‘spectral density. (6); (1), a The resultant plot of Power vse Se frequency can,’ 


. oc a “ : a 


~ 


ta. 
6 woe 


ina comparative measurenent, ‘show’ the relative sensitivities ("resolution") i 


. 8 
F ee 


of bi instrynents to the pad. of frequencies. 


. Ws , 
io 88 est . 


Cc 


ob Spurious noise coming ‘from the. instrument should be “noticeable 


_ provided a test object grain. density distribution is “reasonably uniforms,” 


a 


-<. k Ce. The reliability, errors, methods, cand interpretation of 


“results of power oreo meastrenents or nicrodensi toneters are currently 


under” study. | Good comparison data is s expected fron this approach, however 


despite. current, lack of " experience with the method. 


te 
Lyte... / 
My ts 

‘ 

~ 











we RD LMS ot con avn SENET. wet 

es ar ud wee a7! wi padi 3, - aos 

- iu . 

. ; : 
ae ee -, . Xs¢ 
ent = be = 

a oo ° CREE ad be ear 7 es pas 
. -" - : a: z Bou 
. 3 Pet eis Roe, Ny ¥ 
. : oF . . 
+ - . x « 
oo car ae 4 ok 
. ‘< 2 fg 
fs . - a 
% 
R * 
* 
:* 
oe 





: “a An image ‘degrading effect present. anal, optical instruments = | % gon 


~~“ 


a ds stray Light or. veiling glare. Tt is noticeable | in nigrodens itogeters as 
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are aad ati. Sti hie 
BSA Ae bs 
Pigeks 
- “y “< 
> bs bs . 
See ns , 


S s ; an error. in the: density recorded for fine black Lines on a Large, low density 


mul 


— " (clear) sirroind. ‘Stray Light is also a. detrimental | factor in ede tracing. 


ne 


Bal se eRe ae te 
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* af: 
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Control is achieved. ‘through food. design (e. Zot baffling, blackening, and 





: oa "plas surface coating) and good maintenance fheeee clean optics). ‘When 
{| using: instiuments where hooding of the optical. parts ° is not extensive, 1 : 
a. : "may ne: ideas operate in subdued Light. | | a | 3 i * 05 a 
a ie oes so We oA qualitative test for stray Light - in a nicrodensttoneter 

| is ‘the following: _ = | = 7 ee aie - 4 a . a 


a mele A special tést: “object: with a series of paraliel nao 


- Lines on a clear surromd is ; reghireds The ‘Line width should vary in oan oe j 
series from approximately 100 microns to less Gian. 5 ‘microns. The test: 
: 


object exposure: (via X- rays). is constant. and. Bish “gevéloping is employed 





So that. the densities of all the Linés are equal. . oa | ee | , 
| (2) The test jobject is 5 seamed with a nar slit (Q.gers — 
as Xx Bo microns). ere pre-slit should be “only slightly larger than the a | “es 
‘main slit, “following regular practice. It's also ihférmative ieieneie 
“puns with larger pre-slits. | | | 
| QB) In interpreting the results of ' the scans, the amount ~ " 
of stray. Light and its inf luerice on fine detail can be inferred froin any 
Progressive fal off: in recorded density « as ‘the sample Line width, is decreased, - 
; Y - | — - : . ea 7 
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, Resolving. Powe 


_- Purpose: “to indicate the resolving power of the microdensitometer 


‘Ae 


be 


(2) iicrodensitoneter operating conditions: 


“Record “name and’ ‘serial. number of. instrunente 
Deseribe in n detaitegB#icél ePrronents used in test, including 
fecal Jeng and nunegical iervaree of all objectives, at 


“ magitif gation of eystiieces | if used, and magnification of * 





illumination and pickup systols ee - te age tee ‘ | > ae 


* Record type or light) source and operating conditions... 


a 


Record type of photomultiplier. | _— 


x , : ~ 


oF a - 7 . Pe v ot ? ; .  s : £ 
. - [ - o ; 4 
_® * | ig | 
8 


* 
+ 


in the scanning mode and in the a nae mode « : 


ppocesure? | 
i. Test Object Photographic, Ust.A. Pe 1962. machine posteties 
frequency meee 200 to 1000 Lines” per nillineter, clear 


‘bars on a black surround, “high contrast. 
(a) ‘slits, 0.5 nicrots by 80 microns, ee = a 


(b) ‘Stage rater mo 025 millineters per minute. 
ot 








7 . : .¢ 
3) “Analog data - reco: oa. 
a: wnt ic say : : 
_() ‘hart rate” | cae ee 
“a £ ; - as _ = . 
- : . Ee ‘ ‘a : : i‘ 
“ a ; et wo i - 
Bs até Lge . ae 
ee - ade eee a oie ie 
LO © ar ec ee ine 
. Rs . > -_ ahs : si. ; - 
7 - ee a ee, of Pe 
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‘ . %. ae ? A : a? 2 "s 
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(ec). Photometer amplifier controls: normal denctty Sebtingss- 2 















ie : (b) ‘Zéro: Dmin ort ow part. of charts 


Lie | 


yf 


io. Sensitivity: er recording. to lave “Dax 


a a 


oa ae  -on high part. # chart. : 


: . - be 
tf "¢ pe ~ 


(k) Digital data: not ‘applicable. ae ee. 


(5) Number of. repetitions: Wonés One reading only. 





¢. Report: Report maximum frequency recorded on chart. . + 9» oi: 
ide. mPSCist comments : - 3 ar _ Se ee, 


~ 


(1) Note whether best visual focal setting yields belt. i | ae teh 


s ral 


recorded resolving power. ——- _ | Ue 7 - rs: 


(2) Note resolving power of Meware system. 


oe Modulation Transfer Function he ee ~ bg) ay 


™ 


ae : Purpose: ove estimate the modulation enenstae function (optical 






_ frequency response) and spread func tion of the microdensito 


-Oe ' Procedure:- i ne ee are ee a a ee ae. Sonos 


(1) ‘Test object: sharp edge exposed by X-rays on Kodak High 





me “Resolution Plate. Density range (A.D) ‘of 0.50 + 0.10. 





(2) Microdensitometer operating conditions: Oe % 
ok (a) Slits 1.0 microns by. 80 mi¢rons. A Se Ce a Fes 


(>) Stage rate: 0.0166 m/min = 







s : {ey Photometer amplifier controls: ere density: setting. aia 


(3) Analog data recording tae ad for. verification, but not 


et eee coer : 1B * one ~~ + yt” 


s, 


a essential): | 
re . (a) Chart rate: 8 inches /minute, ie ; _ 7 = ae at 
a ae . ee Poe a Mee 
7 (b) ‘Zero: | ‘Dmin recording on low part of. chart. ee : 


. 7 “ Ww. 4 : . 
“fs Pirke ane I. Le 
op * : Bog Oe 


a _ -- 3 er ‘Sensitivity: Dmax ¢ reading near * hghest part of chart. 











“wy ‘Digital | data collection: 






t- 
> or a 


re | & 7 - (a) Sample. rate: . 7 80 samples 3. digits each) ‘Per. minutes, | 
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. - 7 (b) ‘Scale expansion: adjust controls ‘such that. both : ~~ Ee 


~“ . 4 


peg 8 “clear and deck sides of the edge record with 3 ‘digits 





o ahd there. is the largest spread between minimum ‘and: 





a 


| maximum values ‘fog increased precisiditt TN 







(8), Number of repetitions: vat least six runs over the same 





| edge. are necessary to permit averaging. ee Oe on BES 



















Ce Computation and Report: - Ps a 3 ~ § | ees are _ 
io: Convert digital data to transmission data in ‘computer. re * : 
| 


a) Determine response by Fourier methods at frequency | . 


pee ae “increments: of 10° ee: 20 lines per millimeter to 00 Lines /am, 


v 


a) ‘Plot response’ versus frequency. a a es 


: a : ‘special Comments 


- % r . - = 


(1) This nethed yielas the estimate of. the MTF for the micyo- 


. 


o - : ; densitometer ineluding the slit width function, : | ne ae 





ee ey” the spread function. can. visually ‘be obtained as part. of ‘the 
coat data: Be ae ; 8 
Pes Te aye ne ey ee egg eR Re rmeai te 3e pte! 
—¢ 3) Scanning: from clear to black and black to clear should | | 


expose any noa~uhi form behavior te Bet fatigue) in the 


- 


a photometer circuits. 


a 8 


% 
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as i ; % 
‘ . 


(k) ‘The stage rate and punch rate suggested may not be available _ 


Vv: ‘ 


ee on ala instriments. Other combinations are equally suitable 


ae 
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’ | * provided the. data point sampling rate is ‘less than 0.300 microns 
or ” between: data points. . : The. stage rate stibula be slow enough that. 
| “the. ‘esponse’ time of the recording cquiment a does not. affect 
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"Purpose: To: directly measure the overall. optical performance. 
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of the microdensitoneter by a method “simpler than edge ‘trace ose 
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Currently Litas ig. not adequate information for a Ae ae 


preliminary test pla. However, once a suitable. test object sf ‘ake oe 
is available, a procedure can. be devised, oe Ferre 


. i id . a8 ; R : ; a, ao : . 
4 ie OS ee 
Special comments: While spread function is derivable from Pas a ee 


edge tracing in the preceding MIF: test, a special spread ier 


| ‘function test shduld include less error. : 
Se Power Spectrum eg EE ae eh capt de, ee 
os ot 5 ee : a & = 3 shi Ne . an z “, Bit = ce Meee ; oo 


Purpose :- te determine the approximate power spectral density eo i. 2 ee 


puachson of the instrument. Note hat this method includes , 
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any noise present in the test object. . : _ — Be ms fe 


Procedure: 


iy Test Object: a uniformly ‘flashed and processed strip. of. a 
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Kodak LOL film, density 0.30. O,205 oi ge 


eee! en ee 


(a) Slit: 1 micron: by: 80 microns. ae ee ae 


(>). Stage rates 0.0166 millineters per minute. ial a a -. 
&". ; a Pn OO Ss 


(c) Photometer anplifier controls: ‘normal densi ty setting. ie 


3) analog data pices essential): ee a rack 
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(a) ‘Chart rate: 
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(b) Zero control setting: adjust control so ‘that tie 
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‘lowest | “recording is near ‘Zero on’ the, chart. 
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(c) Sensitivity eontrel setuings _expand the. s density 


recording to maximum. : 


Digital data recording: Oo ee 


ve : ; . ¥: . # 2. - 


_ (a) Punch rate: 80 samples: Gg digits) per. minute, 


(b) C Beale easansiens use Sides aeeien (preserve 


. 3-digit readings} scale expansion to aid retention 
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+ of significant digits in subsequent computer . ie 


data reduction, 
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“Number of data points: collect at Yeast 3000 data points 
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. per ‘run. Several runs would be desireble to, help estimate 
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- the precision of this method . | 
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Computation and Report: oo, 


qQ) 


(2) 
“yr 


() 


: ‘the computer.’ 


Convert the digital data to density (or transmission) in 


Determine the autocorrelation function. . ee 
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Take the Fourier transform of. the dubocorrelation. function. 
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Plot the power spectrum versus s frequency. ee | lA 


Special Comments : AS. in the measurement, of modulation cee 
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‘function, the stage rate “and ‘punch rate may be. different. than 


that. proposed above, , provided: that: data ‘sampling is paken at 


| rates slow enough: to minimize problpns associated with. the time a | 
constants of the recording equipment while, still maintaining | 


“close > data point, spacing on the sample. toa to 
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| bee Stray Light Medsurenent 


. ¢ _ | | ae ‘Purpose: to determine the control of stray Light (veiling 


‘ eS ne ’ . 3 : : ee 


| ac Los 8 glare) witli the mlcrodensiteneter. i ee a ey . fe fe 
| be Procedure :~ | ie ae 
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os 7 a ‘Test Objects: a series of black Lines of equal density 
| - 3 a 4 ‘. ona clear ‘surround having Line widths: ‘varying fr ae a 
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5 to 100 microns. 3 ae | | Pe 
| oe . | » (42) Microdensi toneter opstating Conditions ys aT | € — es AB 
| : SO : oe | _ fa) Slit: 1 micron by 80. microns. | | | | 

7 | 1 8 (b) Pre-slits “5 microns by 85 microns. . 7 se = 
| | 3 7 | | (c) “Stage rate: 0.050 millimeters ‘per minute. - : Sa : _ a 
(d) Photometer eeatreies: , normal for density operation. _ | | . > ee 
| : , 2 oe HD Analog Data Recording: 7 2 ie 7 
| .. _ Ae ag? | (a) Chart rate: 4 inches per minute. 
| | x SO (b) Zero: normal for density calibration. 
| 7 = Lee “t e) Sensitivity: normal for density calibration. 


(a) Digital Data Collection: not applicable. or 4 8 ce 2 * . 


TS! 
ee 


| — & . 4 : (5) - Number of © repetitions: None. One reading is adequate. Co aoe Pe 


7 | 7 Co Report: The density: of the lines recorded on the analog chart, < i bee: 









is plotted against the width of the lines. ‘The fall-off of 


| p= 7a density in the narrow ines is a measure of the » uncontrolled 
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_ 2 _ stray Light within the ‘instrument, Bt. Se 
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Le Be ae d. Special Comments : ‘This test, is relative in nature % “being dependent © 


on the uniformity of ‘the test object density. Also, ‘the results 


. 7 are a function of the contrast of the dark bar and siaipiereindy re 
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